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components, again either because of damage directly to modal- 
ity^specific lexical representations or because of damage to 
access of these representations. The implication of this con- 
clusion is that phonological and orthographic output representa- 
tions are organized by grammatical category. 

(3) Finally, the facts in (1) and (2) and the fact that H.W. 
and SJ.D. were impaired in processing only the verb form of 
homonymic words imply that the deficit does not concern 
specific lexical forms (for example, the orthographic form crack) 
but the grammatical category verb (of which crack is an instance) 
for modality-specific lexical forms. One implication of this latter 
conclusion is that we should give serious consideration to the 
possibility that grammatical category information is repre- 
sented separately and redundantly in each modality-specific 
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lexical system. 

In summary, taken together with recent results of category- 
specific deficits, the results we have reported suggest a lemark- 
ably specific organization of lexical knowledge in the brain, 
both at the semantic^ and at the lexical form levels. Although 
at this time we do not have clear hypotheses about the nature 
of the brain mechanisms that compute lexical structuie, it is 
clear that the information computed by these mechanisms 
miust represent not only the phonological and orthographic 
form of words but also their grammatical class. The results 
reported for H.W. and SJ.D. pose a serious challenge for 
those models of lexical processing that would dispense 
with linguistic level information in the representation of 



lexical knowledge". 
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Oikirant signal termination by 
blffadory W giucuronpsyl 
transferase 

D«iW Uiwd. Karin Zupko^ YItilMBc Portt; 
Ptf Tick Net JamHe iLsxnmils; SMHey K6m^ 
MMttii Khen A Doron Lancet*' ' ' 

0^)ahmem of Membrane ResearCih. The Weizmahn InsUiiite of Scient*' 
. Rehovotmoo-Israeiy 

^'^^ trsB5ditotiqfi has been, ooensvel; 

stadil^'" , bnt.cqnd^^ less Is luiom .abontttfM molecola^ 
tosb of oifactoiy dgnal temlillation^^ It iuis been snggested, 
that tbe highly nctiTe cytochrome nibmioi^ygNiascs of otfaic* 
tpiy nenroepltbelipm'^" are termhution en^pes^"**?, « notion 
sofportcdb^the identification and molecnlardontatgof olfactoiy- 
spedfie Qftochrome P450S (lefs. t3-lQ. 
by cytochnm P4^ (refs ?7, 18) often iio not s^nificantty alter 
volatlUty» lipbphllidty or odour pro|N»ties^*", cytoduome 
may aot be aolety responsible for olfaototy a^b^l t^mploiU^ lo 
liv^ aad other tissues, drag hydroxylatioo t^ ^^tochrame P4» b 
freqant^ followed by phase II blotraiisfiNrmatlois for example 
lO" UDP glaomho^^ transferase (UGl^' iKsiiltiag a m^ 
chui«e of soloblllty and chemical properties''. We report here (he 
moleciiUr clodng and expression of in olfactbry^pedfic UGT. 
The bifactoiy cnqnne» but not the one In liver ndcrosomcs, shows^ 
preference for odoraato orer standard UGT rabstratcs. fbrther- 
^^^^^ co^fngation abolishes the abiUiy of 
odorante to stimulate olfactory adeiqr^ cyclase. This, together 
with the known broad spectnun of dnigHlctoxiflcation ra^es" 
supports a role for olfactory UGT in teraiinating direrse odorant 
signals. 

We previously obtained peptide sequences of bovine gp56. 
an olfacto .y epitheliaNspecific transmembrane glycoprotein 

* To wfmi oene^pondBnoe flhoutd ba adOressMl 
790 



which -is^siniilai: to^U enzymes**. Based ph^ the .s^c^uence 
information, a partial bovine complementary DNA clone (no. 
21) encoding this protein >as isolated. Using done 21 as a 
probe, we isolated a fulMength rat olfactory UGT done (ROl ) 
froin a rat olfactory cDN A library (Fig. l>. The UCJT done 
shares seversl structural features with other UGT sequences 

- (Fig. 16).: It is 87% identical to the partial bovine sequ^^ (a 
possible prthologute), but only 44-60% identical to dthier'rat liver 
UGT sequences (Fig. This together with the expression 
results t^low. shows .that a novs;V functional form, .termed 
yGTotf ^has been identified which defines a new sul^family 

' within tljWrXJGT ^uperlamil^^^ ; : > y ,: . H : 

As sacral olfacto' signal-processing, enzymes are tissue- - 

, spedffc^ ; . .we-exauniiied the tissue spedfidty of done ROl. ~ 
Figure 2 sfapws,thatcrc»s-hybrididiig RNA is exdus- = 

ively express^lri olfactory epithelium; with no reacdviiy seen : 
in liver or bthef UGT-^ntunitis tissues. A siinilar^^ ti^ 
specifidnr, has been observed for protein gp56 using tmiiiitmoblot 
analysis :*v ^, : ■ 

The tissue-spedfic expression of UGT^ir points to a possible 
rok iri olfaction: By? with UGT function in iiver'^ 

olfactory :UGT could help clear lipophilic odoiaiit molecules 
' from the chembsensbry epitheliurn. We therefore asked whether 
olfactory UGT could glucuronidate odorant^' When t 
expressed in CpS-T cells; rat UGT^,^ catalysed theglucuronida- 
doii or nume^6u5^ chemically diverse substrates^ with several 
odorants showing particularly high effidehcy (Fig* 3a): In 
parallel, we ineasured the enzyme activity in microsomal 
membranes from >lfactoty epithelium. Several established^ 
(hydroxyl-contaiiiiiig) bdbrants were effident- UGT substrates ^ 
( 10-70 nmoi per mg protdn per min) in preparations from cow^ 
(Fig. 3b) and rat (data not shown). The activity profile of UGTow 
expressed in COS cells (Fig. 3a) is similar to that of the olfactory 
microsomal enzyme (Fig. 36). Thi s, UGToir is probably a 
dominant component of the overall UGT activity in the olfactory 
epithelium. For all five odoionts shown, the olfactory enzyme 
was two- to fivefold more active than the liver enzyme. In 
contrast, glucuronation of dassi(^l UGT substrates was compar- 
able in both tissues (Fig. 3b). 
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To find out whether odorant glucurontdation could underlie 
olfactoiy signal termination, we compared the ability of odorants 
and their respective glucuronates to activate olfactory adenylyl 
cyclase, a reaction widely u^ed as an in vitro assay for olfactory 
transduction act^vity''^*^ Figure 3c shows that preincubation of 
odorants with olfactory microsomes under conditions leading 
to highly efficient glucuronidation results in a practically com- 
plete abolition of their ability to stimulate cyclic AMP gener- 
ation. This does not occur if UDP-glucuronic acid or micro- 
somes are omitted (Fig. 3c), or when heat-inactivated micro- 
somes are used (data not shown). 

Finally, UGToir was immunolocalized with an antiserum to a 
synthetic peptide. Labelling in bovine tissue (Fig. 4) and in rat 
(data not shown) was mainly in subepithelial Bowman*s glands. 
Some labelling was seen in a superficial epithelial layer, probably 
corresponding to the apical cytoplasm regions of the secretory 
siippoiting cells^. Practically no immunoreactivity was observed 
in respiratory epithelium (not shown). Similar immunolal>elling 
was'preyidusly observed for cytochrome P4S0 and . cytochrome 
P450 reductase"'^*. 

UGToif has several properties that make it an excellent candi- 
date for a chemosensory signal termination enzyme. First, it can 
act on hydroxylated products of mixed function monooxy* 



genases (such as cytochromes P450)"''' '*. as well as on carboxy- 
lic acids, amines and thiols'*, allowing modification of a multi- 
tude of odorants. Second, its aaive site inside the endoplasmic 
reticulum lumen"-" cin be easily reached by the lipophilic, 
membrane-penetrable odorants. The resulting membrane- 
impenetrable glucuronates may be secreted by vesicular traffic 
and removed by blood or mucus flow*. This hypothetical path- 
way is consistent with the localization of UGT^^f in secittory 
cells, and is similar to a mechanism suggested for the excKtion 
of bilirubin glucuronates in the livcr^. Third, in contrast to meie 
hydroxylation by cytochrome P4S0. UGT-catalysed glucuion- 
ation results in a pronounced increase in hydrophilicity, prevent- 
ing odorant repartition into cells. This will shorten tissue resi- 
dence times and prevent continuous stimulation. Fuitbennore, 
as glucuronation abolishes the ability of odorants to acttvaie 
adenylyl cyclase, odorants secreted into the mucus Iwthing the 
sensory cilia will not interfere with receptor responses to new^ 
stimuli. Finally^ the high UGT activity in olfactory eiNthdial 
membranes (along with the high concentration of cytochrome 
P4S0 and NADPH-dependent cytochrome P4$o reductase 
activity"- '^•"•^*) may compensate for possible slow kinetics^, 
potentially allowing odorant removal within O.I-IO seconds**^ 
In addition to a role in rapid signal termination, olfactory 
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' Fta^l'.NudeotHte: and deOuoed amino-acid sequence of fatiUGTo,,-. a The nucteottde ' . 
sequence of the rat jJOTo^ {jtAISTm' clone ROl). includes a^l^Sfil^ .bp(Sr« region 
(oipttats) prei»ded ty 63 bp rnh-€0ffii« 

of noiV<odtng sequence Odwer case. 187 bp shown) ending in a pc^adenylation signal 
(AAtAAA) and a poly (A) stretch (not shoim). The first ATG 
the open reading frame of 537 amino adds (relative molratdtf wetgm 62jB81). (n dose 
agreement with the length of other UGTs. U Deduced aminos sequent 
(r4X3Toif. done ROD.and alignmem^ (gap weight 5.0t length weight Oiai UMversity ' 
^ ^s'^^'^P**""?^* with the partial bovine UGT^, (c4JGT^: done 21) md two rai 
liver IXSTs^ (U0PG!Ty-2 and UDPeSTr.4). tdentittes in the amirio-actd sequences are 
Indicated by dots; Jhe following structural features are shared between UQT<« and 
. other knmn U^s (1) an N-terrninal 

.secpienccs for: Ar^jiiited glycosylatlon at position 49 and 313 (#il!f#)L.the latter ^ 
conserved in several other UGTs; (3) a 17 residue long h/droplx^ 
carboxy^terminus (++H most probably a sin^ transtnernbrane ahdibr ttomdrt (4) 
a duster of positively-charged residues at the extrenw carbcny temUmis that appears 
to be a stop transfer signal: (5),consen«d cysteines at positions 126. 157. 280. 498 
and 510. The sequerioesofttw three gp56peptid^ 

in the bovine setiMenOe. OveraQ idenUties between the rat UGT^n amino-add sequence 
and other sequences ^ bovfrie UGTrtt . 87%; UDPGTr-Z eOMc UDPGTr-il, 599b. The 
.mo^ consented region Is the (^terminal half of the protda The highest diversity is 
found in the N-terminai^ residues and in the 30-residue cartioxy-termlnal stretch. 
ACTHOI^ A tioivine olfactpry epithetial cONA library in A-gtU (Ctontedi Palo Alto) 
was.obnstructed using poty(A)^^enridied RMA isolated from olfactory epKhelbim of 
three-month oM calves. 3SOjOOO plaques were screened wi th die fonon^^^oabelted 
oligphudeotlde mixtiffes 0 is fnosine): 5'XCAIGT*tTG*jtWV*jtT(*iVTTIATlAifATT1G. 

and S'^rmxf'lrrt^ljJ(flrKX^A''l^^ to pep. 

tides 2()1 and :«>2 of gi«i respectively*^ Three partlai clones hybridiiing with bot^ 
oUgonudeotldes were purified and the t39a4)p insert of one of them (14) was used 
for rescreening the cONA Hbrary. This yielded a longer partial4eivgth done (21). Both 
dones indudec all the three reported gpS6 peptides^^ In their deduced amino-add 
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• GGCGGGAAT C; . ^Cl CArCTGC-CSAATGGAAGSC AG7CACTGC-CTAAATG7TAAGATCAT*- . 
ATAGACGAACT.CCTAftMAAASAGCATAACJTGACTGTCCTTCrrGCATCCGGGG 



TTCATCACACCCrrCG57CAGCCCA7C7CTGACArrCGAAA-A7ATCCA?r 



CCCT 



:pcrrc 

AAGCAAAAAATCGAAAG : TTGAT rAAGGACTTrGTTTT^iACST 3GC7GGAAAACAGGCCC 
TCTCCrfCAACTATCTSGACTTTCTATAAGGAAA 

TTGG7G-CCAGA3aGATCTiT?5ATG;7C3TrCTrAAGAATGAAAAGC7GA7GAJC;AACCTG * - 
CACAGAGGAAAC-7T73AAG7ACTC-TT— CAf3ACCCA1TA777CCGTGr35CGA-A7CGTA . 
GCTTTAAAACT-:;C-S-'3A77:CA7T-A7C7A77;C7 7GC:-37T77C7CC7G^CtCCACAGT5 ' * 
GAAAAGCAC7G7GGAAAivl7CrCG7t7CC7CCT7C*C7ATi77CC7G'CAATCTT<n' ■ • 

CTCAC AGACCA GA75TC C77CGC7 \iACC5 AGTAAGG AAC777 A7C7CCrACCGAATGCAG . 
GACrrACATCr7rGAAAC7CrrTGSAAGCAA7GG3ArrCC*A77ACAGTAAAGCCTTAGGA- - 
AGACCC ACCAC AC t GAGACT A7Gf:GGAAAGC7CA5A7rrGGC7 \A7C.C GAAC A I A7.> ^ . 
TCGGATf7lX;AA7T7ir7CG7CCA7AT77GCC7AA7T77?A5T7TGTGGSAGGACTG ' 
7GiCAAACCTGC ? AA3CdrC7GrC7AAG :AAA7- :AAGAG7r: Gr?CAGACC7CAGGC-6AA'i. 
CATGGTG7T::'7G i7-'3-7 :TC7TTG-;G.T.TCAAT.:G7 -AAAAACC7GACAGAAC- AAAAGSCC - 
AATCTCA77G:C7 CASr ZZr: GC-CCASAT- ~C7:a GAAC 37T77G7GGCGATA-AAAGGA • 
AAGA7ACCAGCCACA77 A5G^i7CCAA7AC 3AGArrGTT7xACTGGAT7CC7CAGAA7GA7, 
CTTC779GACATrcCAAAACCA>iA'3r7TT7A7CACCrA7GG7GGAACAAA7GjAA7CTA7 , , 
CAGGCCA7T7ACCACG'i GATt rCGA7SGTGG 3AG7TC :CA-GT'7CGC7GA7CAGCCTGAC ' ' . 
, AACA7AG<:TCACA7GAA3GC7AAAGGAGrAGC7GT!:GAGG7GAACA7GAACACGATGACG. * ' 
ACTGCAGA7C7 JCTCAG7GC7G73A3AGCAGTCA7CAA7CAGCCATT77A7AAAGAGAAT , . 
■GCCATGAGAC7A'f CAA:.AAr7CACCACGA7 :AGCCAG7';a A3CCCC7GGACAGACCCG';'C. . 
TTCTGGAT7 GAG 7rrG7 CA7GCGTCA CAAAGC-AGv^ C AAGC ACC77C G':G7oGCAGCGCAT 
GACCTCAGC7d G7T7CAG7ACCAC7C7 C7AG A7G7GA77G 3G7TC CTGC7GGCTTG7A7G^ 
GCATC7GCCA7 ArrAT7GG77A7AAAA7 3773777 ArrTGTA777CAAAAAA7TGG7AAG 
ACAGG AAAGAAG AA7AAAACG GACt aaatoaas^aaaaacatct c au Qt c t ct woct t,^ o ' 
atcaaqcacc-aactoaaozaacaataaiact tdsaaacccaaqaaat taccaot caccta' ^ 
tcctcaiccc3ttt.tcaatcai*-e6d*,t ?c* c* ct ^aac* taaab: aaat toaacstfic? 
aacatflf ttort s'.ttcaa-cacaa*. * ' 

sequence. A fragment of done 21 (tndik!ing most of the coding sequence) wtts used . 
to screen a rat olfactory Agtll cONA lUsrf^ with medium stringency washes (S2,T. ' 
0.5XSSC). Positive signals were observed at a frequency of 1 in 3XX)0. Fifteen clones 
were isolated artd one (ROl) subdoned in M13mpl8 and sequenced on both strands 
of the coding region. 
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FIG. 3, Action and spedfidty of iXST^ . 4 expression of rat UxToif in COS-7 cells. UGT- 
activilV^towards staridard sut^trates (three left-hand bars) artd hydroxyUibntalning : 

i ' odorants (five rtght^tund t)ars was measured^ hornog^nates of p0&>7 oeOs transiemty ■ ^ 
tronfectfid virtth'clqne R01'cf)NA. No^ucuronMai^ could be detected In membranes ' 

■ from tintrar^ected cells or; from celts transfebted with the cpNA tn. the wrong . 
orlentat^ ValililEt^ are* normalized relative to'eugenp^ reprcisent the me^ ±' 
diffi^^ibe ipf ti^ e)i>^^ two t}atches df, traiisfected pelts. Specific activities 

towards eiigenoi w^ 1^33 and 0^ nmol per ing proteiri per nrUnk,'and in untransfected 
oeOs were less, than O.O08 nmol per mg protein per mtn. UaT^ activity, towards the 
. same siAstratos in boviiie olf actx)ry epitheKal (dark) iand liver (hatched) microsomes. 

' Values, (nqrnfialized as In .a) are representative of two experlmerits, and each is the 

. mean''± (Sff^fencd of two replicates. Specific activity ^towards eiiigendl ' was 72.7 ± 
SlSnnral per mg protein per miri. c Qucuronatioffi^ Abolishes odorant activation of 
olfacto^ adovM cyclase (rnean ± s.dL of triplicates; P< Oj02). Oborahts (or the vehicle 
dk>ne for nieasurerhent of basal acUvi^) Were prelneubated.with or without bovine 
ol/aetory 'epitt)dial ntterpsornes or UpP-gtucurpnic add as'tryficated and subsequently 
used In the Mlpr^t-Wisitive a^^ 
MEn«K>S. 4 The ROl (ilNA wee inserted in two p^ 

' expression vector pSVL^RS (provided tqf Or C Mahana the Vitetzmann (nstituteli a ' 
modmed pSVL^yiector (Pharrnada) in which an CboRl site, was Introduced into the 
multiple cloning site. Suboonfluent cultures of COS-7' cells were trarisfected with 
0.24 |ig recombinant plasmid per cm^ as descrbed^. After 72 h cells were ground- 
glass haruMiornogenize^ and UST tttt>Hty assayed as de^^ 
lncut«llw WMwithOiMTris^ tmM 
agfybone, 5g>M ubp-^uciv<mtc 0.1 |ia }^C^&^; UDP-^Njcuronte add 
(304nfCi mrnot'^; Duponth ^10-60 iig hbmoeienate'prot^ volume of 

50|J. After 2h at 37 X, me reaction was stopped with ISO |it etharwt.«^ 
anat/sed fay tliin^ayer. duotna^ratihy 'qn silica gel as describe<^; £i Afficrosomes 
from bovine olfactory epithelitsn «td Ihraar' were prepared desotti^^ UGT activity 
i as ( ?scrB>ed in 4 excep^t that , the Incubation drniained 1 mM 
UOP-glucuronic ac \ 0.05 |iCi ^*C4abetted UDP-gtuturonic add eihd % tig microsomal 
protein, tncubatior time was 10 mtn and the reaction stopt^id with 3% SDS. Measure- 




Fta 2 Disuibution of UGToif mRNA. Messenger RNAs from several rat tissues 
were probed with rat UGTo,f. and with a control glyceraldehyde phosftfiate 
dehydrogenase (GAPOH) probe. No detectable signal is seen in tissues other 
than olfactory epithelium, even with long exposure times. The apparent 
length of the mRNA is --2.5 kb. A similar analysis for the bovine UGT done 
(not shown) corroborates this observation, except that respiratory epithelium 
(an adjacent non-sensory nasal tissue) is also ppsitivarlwt has^^^ 
lower reactivity. Positions of 28S and 18S rRNA^effe ma^^ 
METHODS. Rat tissues were dissected in the laboratojSr jmf^^ 
death and frozen Iri liquid nitrogen. Total RTM (20»ig) pr^p^i^^^ 
described^^ was electrophoresed on 1% a^ose gels arkl 
nylon membranes (Genescreen. DuPont). Membranes were .hA^ri<fize^ 
^^P-labelied cDNA of done ROl (top) or mouse GAPDH Cfl^ft of I)ir l: Giri^bur^ 
the Weizmann tnstitute) (bottom). Hybridization Was p^ormed in Dehhardt's 
solution with I M NaCI at 42'C for ISK foilowed by^^^i^ washes at 60*C. 
0.1 X SSC, for 30 min.. Autoradiography was for 12 h at -70 *C. 




.Microsomes:- 
UDPGA: 



merits were carried out in the excess substrate regimen.- and glucuronates identified 
with ^-gtucuronldase^^. c A mixture of the four hydroxyl-contadning odorartta eugend. 
guaiacoi. geraniol and 2-ethyl-l-hexand (Atdrich, 62.5 iiM each), was subjected to 
glucuranldation as in <i with the foOowing modificatlorw:lDO fil reaction volume. 12 nM 
M^a. no Triton X-100. 100 |ig microsomal proteia 3niM UDP-glucuronic iadtt and 
30min incubation time, selected to maxiTize odorant glucuronldatlon.. The reaction 
mixture was oentrifuged iSmix ITJOQOgi and 20 H supernatant together with the 
ed^iytyl cydase reaction mix and rat olfactory dlia (0.5-1.0 |ig) protein) were analysed 
for cAMP generation as described^-^. 
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\ na 4 Tissue localization of UGTo,, . Serial frozen sections'crf. bovine olfactofy . 
epithelium were stained with 4 haematoxytin-eosih or fii with art antiserum 
against UGTo,,. CiC ciliary tayen SUP/supporting cells' apical cytoplasm and 
nuclei; NEU, sensory neuron nuclear layer; BAS, basal eel) layer; SUB. subepi- 
thelial layers containing the Bowman's glands. Label is seen in the 
Bowman's glands (bg) and in a superficial layer (s). Labelling in the latter 
was more , variable In location and intensity. No reactivity with olfactory 
epithelium was observed using non-specific rabbit serum, or an antiserum 
against an unrelated synthetic peptide, both purified as described below for 
the specific antiserum. The bar labelled SUP Is 20 jim. 
WETHODS. Bovine olfactory epithella were collected as in Fig. 3 and stored 
- i-opentane at -80 X. Sections (8-10 jtm) were prepared on a Reichert- 
Jung Frigocut 2800 cryostat at -20 X. (fried overnight at 23 X, fixed for 
20 min in acetone at -20 ''C and washed in sodium pho^jhate buffer. pH 7.4. 
} containing 0.15 M NaCI. Immunolabeliing was performed with antiserum 11, 
• ' prefpareti as described*®, against a BSA-conjugated synthetic peptide corre- 
: : spending to residues 229-244 of bovine UST^ . An imrhunbglbbulin fraction 
was^tained through DEAE-cellutose (Whatman) ion-exchai\ge chrpmatogra- 
. ^pfiy, - wiU :ttriU reactivity woS icnioveu by t^M'e6 * passes qf affirilty 
:;;*chromatogra!phy on.a BSA-Sepharose column (Pharmacia),vfpllowing which 
radioimmunoassays for BSA were negative. Sections were tncutwted with 
V concentrated purified antiserum 11 (0.4 mg protein ml'*), and stained with 
^tetramethylrhodamine-labelled goat anti-rabbit lmmunoglobuliri>antibody 
(gift of Or B. Geiger. the Weizmann Institute). 

cytochrome P4S0 and UGT may be toRg-term detoxification 
devices. Olfactory epitheliuin is the region of the nervous system 
most e.xposed to airborne hazardous chemicals, and is only a 
few millimetres from the brain.. Olfactory epithelium has been 
proposed to be a . direct route of pathological agents into the 
brain and is related to early changes associated with 
Alzheimer's disease'^ The study of olfactory cytochrome P450S 
and yCT couRf shed light on a potentially relevant toxin inacti- 
vatipn mechanism. In cases where cytochrome P450 action leiads 
to cytotoxin bioaciivation'^'*?, a;highly active UGT may be the 
niain detoxi ficatibn barrier. 
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Activation of ddoride cHanhels In 
normal and '^stic fibrosis iirwayr 
eptthelial ceOs by muM^^ 

calcium/calmodulin-dependent 
protein kinase 
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t Cardiovascular Research Institute. University of Caiifomia San Francisco 
California 94143. USA 
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Cystic fibrosb is watbdafed with <3efe^«^ r^Satfon of iapicsl 
membraDe chloride chaooels in aii^y epithelial cell& Ttee chao- * 
beis Id nonnal c^lu are activated by cyclic AM : 
Mnase'-' and protein kloase C^. Id cy|5tic fibrosis these kinases ' 
fail to activate ojtfeeniise nonsal cr dwnnels'^^ But Cl~ flnr 
. In cystic fibrosis celis, as in normal cells, can be activated by / • 
raising intracelfailar Ca^t (refs $-10). We report here Wbole-cell • 
patch clamp studies of normal and cystic fibrosis-defived airway • 
epitheUal («lls showing iharcr c^^ activation by Ca'"^ is 
mediated by mnltlfunctlonal Ca^Vcalmodulin-dependent protein v: 
kinase. We find that intracellnlar application of activated kinase^ 
and AIT actjrat^ ^"^tr cbrrent slmllair to that activated by a • 
Ca?^^ ioaophore, that peptid„e>inU^^^ eitMr^ kin^ or-X:, 
almoduiin bioc^C^ aeiivaiioa of CI' ch^^Ss^ aa^ ; ' 

that a peptide inhibitor of prote^ kinas^ C^bes not block Ca^%^/^^^ 
dependent adtivadbn. Ca^:*'/cahBadulin activation of Cif chanaeW ' 
prefients a; patha^ with . thWpeiitic potential for cireUmventing: 
defective regbladpb bt. CP. channels in cystic fibrosis.' V - v ' 
'To. delineate'ythe mpjecular mechanism by' which C^'f\'.^_ 
activates Cl~ channels, we iw^ three simian, virus ;4.0.(SV40y^;;V . 
trahsformed* cdi lines from normal and cystic fibrosis: (CjF)'" 
airway epithclia* ""^ Ail three^contain mwsenger Rf^ A f^^ the 
cystic fibrosis transmembrane regulator (CFTRi'\ One of the 
CF cell lines pCFSMEo-; CF I ) was positive for.thc AF508 
mutation, the.deletibn iri 70%'oiF CF ch^on^6somes*^ whereas 
the other (CFNPE-9os CF-2) was noi'V 

Whole-cell patch clamp recording revealed that only the 
normal fetal cell line (56FHTE-8o-; refs 3, 20) showed increased <■ 
CP conductance jn response to hath application of 40P iiM 
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